than those in rat and receive and make more synapses, but they are not otherwise known to differ in their basic New York University 4 Washington Place structure or organization [5]. Thus, with appropriate scaling of parameters for the larger neurons, Attwell and New York, New York 10003
Introduction
The coding principles used to represent sensory inforSpike Propagation mation in the cortex are not well understood. Although it The cost of propagating an action potential in an unmyis widely agreed that the analysis is organized in distinct elinated axon is proportional to its surface area. The modules, within a system that is both parallel and hierarsame principle holds for action potential invasion of the chical [1] , we know relatively little about the roles of soma and dendrites. From Table 1 , the average cell has individual neurons. In particular, we do not know 100 mm of intracortical axon (axon collaterals confined whether a representation involves activity in many or to gray matter; the analysis ignores myelinated segfew neurons. Barlow [2, 3] argued that very few active ments of axon that leave cortex and reenter it) and 10 neurons were used, but this proposition has never been mm of dendrites. These lengths are 2.5 times greater systematically evaluated. It has now become tractable. than in rodent [5] , and the spike propagation cost (9. 2 by sleep and various pathological states [16] . Hence, it seems that in normal operation a limited energy resource must be allocated flexibly among all neurons. Given a ues that all tend to underestimate the cost of spikes. If synaptic reliability were 0.25, the fraction of axons fixed supply of energy, the number of neurons that can be active will vary with the average discharge rate in myelinated 0.25, the average diameter of axons and dendrites 25% greater than in rodent, overall glucose the active ones. Figure 3 shows this relationship. For purposes of illustration, all neurons that are active are consumption 0.50 mol/g/min, and the fraction of that consumed by the Na/K pump 0.6, then the average susassumed to be discharging spikes at the same rate. In behaving monkeys, neurons engaged in cognitive tainable spike rate would rise to 0.94 spikes/s/neuron, which is still a very small number.
is based on best estimates of energy availability and sumption, is calculated in two ways: the first (solid curve) is based costs, and the second (dotted line) is based on estimates that tend on best estimates of energy availability and costs, and the second to minimize energy consumption (see text). The overall energy con-(dotted curve) is based on estimates that tend to minimize energy sumption of the awake brain is assumed to be fixed and invariant consumption (see text). Using the best estimate, in the normal
or sensory-motor tasks can discharge action potentials at rates of up to 100/s, at least for a short time [17] [18] [19] . If we take 10 spikes in 200 ms to be a strong signal, Number and Distribution of Active Neurons Given the volume of human neocortex (Table 1) J. Krauskopf, and P.L., unpublished data), a 50% increase in energy consumption would support an aver-
